This Internet-based quiz (http://kathrin.unibas.ch/ polyp/) 
This Internet-based quiz (http://kathrin.unibas.ch/ polyp/) tested the diagnostic variability of 168 pathologists in the diagnosis of 20 colorectal polyps on 3 representative images, including hyperplastic polyps (HPs), traditional serrated adenomas (TSAs), sessile serrated adenomas (SSAs), and tubulovillous adenomas (TVAs)
The adenoma-carcinoma sequence has been widely accepted as the evolutionary paradigm for colorectal cancer, recognizing molecular counterparts to a stepwise process. [1] [2] [3] Recently, it has been found that serrated polyps, which account for approximately 20% of colorectal polyps, may be the precursors of 15% to 20% of colorectal cancers. [4] [5] [6] In the past, investigators have considered hyperplastic polyps (HPs) to be an incidental finding with no potential for neoplastic progression. 1 However, for a subset of colorectal cancers, a serrated neoplasia precursor pathway is now proposed with sessile serrated adenomas (SSAs) and traditional serrated adenomas (TSAs) representing the precursor lesions. 7, 8 The accurate diagnosis of serrated precursor lesions is, therefore, important, and pathologists need to classify them consistently. 9 Recent detailed histologic analysis provided diagnostic criteria to identify advanced precursor lesions, or atypical HPs that are distinct from conventional HPs, and the terms sessile serrated adenoma, sessile serrated polyp, and serrated polyp with abnormal proliferation (SPAP) have been proposed. [8] [9] [10] Unfortunately, there is no consensus on which term to use, which can potentially create confusion among many pathologists and clinicians. Sessile serrated adenoma seems to have gained the widest acceptance among US pathologists, and this term is used throughout this study to refer to such lesions.
Morphologically, HPs are characterized by the absence of dysplasia and presence of a sawtooth or serrated crypt outline. They usually remain small (<5 mm) and occur mainly in the rectum and lower sigmoid colon. 11 SSA resembles HP but is distinguished on the basis of abnormal basal crypt architecture with branching and crypt bases whose long axis is parallel to the surface; other histologic criteria include proliferative activity in the upper crypt, serration extending into the crypt base, and an increased number of goblet cells with "inverted maturation"-normal or dysplastic goblet cells in the crypt base. SSAs are characterized by larger size, more frequent location in the proximal colon, and demographically, greater predilection for females.
TSA is a homogeneous lesion composed of a uniformly serrated and dysplastic epithelium, the dysplasia usually being less pronounced than in a tubular or villous adenoma, particularly toward the polyp surface. Architecturally, it often has a villous or tubulovillous configuration and appears protuberant rather than sessile. 8 The morphologic spectrum of serrated adenomas varies from clearly adenomatous lesions to polyps that closely resemble "conventional" HPs. Very little is known about how reproducible the light microscopic diagnosis of serrated polyps is among pathologists. It is also far from certain that most pathologists consistently distinguish TSAs, SSAs, and HPs; yet the correct diagnosis of colorectal serrated polyps is likely to have implications for risk assessment and surveillance. 12 This study used images of serrated polyps in an Internet-based quiz to test the diagnostic performance of pathologists fielding multiple international centers. A survey to gain information on diagnostic terms used by participants was included because there is currently no uniformly accepted classification scheme for colorectal serrated polyps.
Materials and Methods

Quiz Cases
The 20 quiz cases included 8 HPs, 4 TSAs, 4 SSAs, and 4 tubulovillous adenomas (TVAs). All cases had been part of a previous study 13 that had linked histologic consensus diagnoses and molecular data ❚Table 1❚. The morphologic features defining HPs, TSAs, and SSAs for inclusion in this study were based on published criteria. 8 
Quiz
The online multiple-choice questionnaire and an online registration form had been constructed by the questionnaire tool FlexiForm (Department of Computer Science, University of Basel, Basel, Switzerland). Pathologists worldwide were invited to register for the quiz by e-mail, announcements at pathology meetings, and personal communication.
On registration, participants indicated which diagnostic terms they used for colorectal polyps in daily practice ❚Table 2❚ and ❚Table 3❚. Participants whose native language was other than English were asked whether and how they translated the term serrated adenoma. Once enrolled, all participants received an e-mail with personalized URL access to the quiz. The quiz was subdivided into 4 sections with 5 cases each and an introductory section with questions concerning basic personal data (eg, country of origin, practice setting, subspecialty training in gastrointestinal [GI] pathology, professional position, and years of experience). Participants were able to stop after any section and reaccess the quiz later for completion. Three representative images (×20, ×100, and ×200) of each H&E-stained polyp were provided. Information on patient age and sex, polyp size, and polyp location was given to simulate everyday pathology practice (Table 1 ; http://kathrin.unibas.ch/polyp/). Molecular data were not provided. For each quiz case, participants had to choose from 1 of the following 4 diagnostic categories: HP, serrated adenoma, SSA/sessile serrated polyp/SPAP, and tubular/villous/TVA. The number of cases in each diagnostic category was unknown to participants. Reading the article by Snover et al 8 detailing morphologic diagnostic criteria of serrated polyps was recommended before answering the quiz. Participants who completed the quiz within 7 weeks received an e-mail with an attached list of correct answers along with a statement to confirm participation (the equivalent of 2 continuing medical education credits) provided by the Swiss Society of Pathology. All online answers were exported into an Excel (Microsoft, Redmond, WA) file for statistical evaluation of the data.
Data Analysis
Contingency table analysis was used to study frequency comparisons of nominal categorized variables.
Results
Participants
Of the 244 initial registrants, 168 completed the quiz. Most participants (68 women, 100 men) practiced in Germany (n = 58), the United States (n = 39), and Switzerland (n = 34). Geographic areas with fewer participants included Canada (n = 7), Italy (n = 5), Austria (n = 4), New Zealand (n = 4), and France (n = 3). The remaining 14 participants were from 9 other countries. There were 106 board-certified pathologists (31 with GI pathology subspecialty training), 28 fellows (9 with GI pathology subspecialty training), 29 residents, and 5 others (student, scientist, or not further specified). Participants practiced at academic health centers or universities (n = 90), community hospitals (n = 44), and in privately run laboratories with up to 4 pathologists (n = 23) or more than 4 pathologists (n=11). A majority (122) of the participants were board certified (21 for <3 years, 44 for up to 10 years, and 57 for >10 years), whereas 46 participants were not board certified yet.
Terms Used for Colorectal Polyps
We asked participants in a multiresponse question on registration (n = 244) to indicate which of 19 terms they used in their daily practice ( (3 times), HP with dysmaturational features (1 time), TVA/villous adenoma, serrated type (3 times), and circumscribed hyperplasia of the colonic mucosa (1 time). Three participants included a grading of serrated polyps into low-or high-grade dysplasia. We also asked for the preferred term used for many, large, or proximal serrated polyps (Table 3) . Of 124 German-speaking participants, only 35 translate the English term serrated adenoma into German; the remainder provided a total of 24 different translations.
Quiz Results
The original quiz cases and the percentage of answers given by the participants can be viewed at http://kathrin. unibas.ch/polyp/.
For each of the 20 quiz cases, the percentage of correct answers ranged from 34.5% (case 13, SSA) to 98.2% (case 20, TVA). The median percentage of correct answers for the diagnostic categories TVA (92%), HP (81%), and TSA (48%) was independent of participant experience. Comparison of answers from pathologists with (n = 39) and without (n = 129) GI subspecialty training revealed significant differences in the SSA diagnostic category ❚Figure 1A❚. Pathologists without GI subspecialty training most often confused SSAs with TSAs or HPs.
The quiz referenced a recent article 8 as suggested reading because the histologic consensus diagnosis for all 20 lesions was based on the morphologic description of serrated polyps in this reference. A majority (92) of participants stated that they had read the article (62% of all participants with GI subspecialty training and 53% of all participants without GI subspecialty training). Analogous to pathologists without GI subspecialty training, the 76 participants who had not read the recommended article showed a significantly lower performance for the SSA diagnostic category ❚Figure 1B❚.
Most participants rated the image quality as good (51.2%) or excellent (35.7%), and a minority (11.9%) as moderate. Only 1.2% of participants rated image quality as poor. Similar Internet-based pathology quizzes would be appreciated by 92.3% of the participants.
Results for Selected Cases
Some of the 20 quiz cases stood out because they received the correct answer from fewer than 50% of participants. Case 11 (SSA) was diagnosed correctly by only 37.5% of pathologists, whereas 44.6% diagnosed this case as HP. Case 13 ❚Image 1❚ was diagnosed correctly as TSA by only 34.5% of the participants, whereas 59.9% of pathologists thought this polyp to be a TVA. Cases 1 and 10 (TSAs) were most often mistaken for TVAs, likely as the result of prominent villous architecture and low-grade dysplasia ❚Image 2❚. In contrast, case 20 was correctly recognized as TVA by 98.2% of all participants. Thus, the low diagnostic rate of some cases of TSA and SSA cannot be explained by the general quiz format alone.
Individual Results
No participant achieved the maximum score of 20 points for 20 correct answers. The highest score of 19 points was obtained by 3 board-certified pathologists and a fellow. The latter and 1 of the pathologists had GI subspecialty training. A resident scored lowest (5 points). The mean ± SD score for all participants was 13.8 ± 3.0. Performance was largely unaffected by the practice setting (university, community hospital, private practice with 1-4 pathologists, or private practice with 5+ pathologists). When professional positions were analyzed separately, the 9 fellows with GI subspecialty training performed best with a mean ± SD score of 16.33 ± 1.93, whereas the 29 residents scored lowest (12.41 ± 2.96). Pathologists from the ❚Figure 1❚ The 20 lesions of this survey were classified according to morphologic features described in a recent article. 8 
A,
Comparison of results from pathologists with (n = 39; white bars) and without (n = 129; black bars) GI subspecialty training revealed significant differences in the sessile serrated adenoma (SSA) diagnostic category. B, Similarly, participants who had not read the article 8 (n = 76; black bars) showed a significantly lower performance for the SSA diagnostic category than participants who had read it (n = 92; white bars). 3 countries with the highest numbers of participants (Germany, 58; United States, 39; and Switzerland, 34) had mean ± SD scores of 13.45 ± 3.07, 14.18 ± 3.13, and 13.88 ± 3.20, respectively.
Discussion
Recent evidence supports an alternative pathway for colorectal carcinogenesis through serrated polyps. 10, [14] [15] [16] [17] The existence of this serrated neoplasia pathway requires that pathologists be able to accurately classify precursor lesions of this pathway for optimal patient management.
The serrated polyp quiz described herein tested the ability of pathologists to distinguish 2 precursor lesions of this pathway, ie, TSA and SSA, from HP and TVA. The study was Internet-based to involve as many pathologists from a variety of countries as possible. The quiz design included 3 representative static images per lesion (×20, ×100, and ×200 magnification). This format does not reflect routine pathology practice but it compares well with static-imaging telepathology consultation for which a high diagnostic accuracy has been shown. 18, 19 This design likely represents the single most important source of bias, as indicated by a relatively low percentage of correct diagnoses for TVA (90%) and HP (80%). Future Internet-based surveys could prevent such bias by using virtual slides that show the entire lesion rather than representative static images. The answer key of this Internet quiz now includes 3 representative virtual slides showing characteristic features of SSA, TSA, and HP as a teaching tool, but participants of the quiz had only 3 static images available while taking the test.
Another source of bias is the nonrandom selection of participants. All authors sent invitations to participate in the quiz A B C ❚Image 1❚ (Case 13) The supplied images led to a diagnosis of traditional serrated adenoma by only 34.5% of participants, whereas 59.9% of pathologists thought this polyp to be a tubular/tubulovillous adenoma. The architecture is partially pedunculated and villiform with some serrated glands. There is a population of eosinophilic columnar cells extending to the surface showing nuclear pseudostratification. Significant nuclear hyperchromasia can be seen in some areas. Mitoses are uncommon. Thus, at least portions of this lesion show overlapping histologic features with tubular/tubulovillous adenoma, which highlights the diagnostic dilemma present in some cases (A, H&E, ×20; B, H&E, ×100; C, H&E, ×400).
by e-mail to their professional contacts who were asked to take the quiz and, in turn, forward the invitation e-mail to their professional contacts. The 244 registrations translated into 168 completed surveys. This limited "snowball effect" and a 31.1% dropout rate after registration likely reflect a combination of busy schedules and lack of interest and/or motivation. Subsequently, participants likely comprised motivated, curious pathologists with interest in the subject matter and few passive-aggressive tendencies. It is debatable whether the diagnostic skills of such self-selected participants are representative of the entire pathology community. Correct answers for the diagnostic categories SSA (54%) and TSA (44%) were considerably lower than for the TVA and HP groups. SSAs were most often confused with HPs or TSAs. Diagnostic problems distinguishing SSA from HP and SSA from TSA have been described previously. 8, 9, 20 TSAs can be misdiagnosed as TVAs if the serrated architecture is less pronounced and nuclear pseudostratification and hyperchromasia are prominent. Some of the quiz cases highlight the diagnostic ambiguity that faces pathologists in everyday practice. The histologic features of SSA were less prominent in case 11 compared with the other 3 SSAs ❚Image 3❚, leading to a misdiagnosis of HP by 44.6% of participants. Case 13 showed a KRAS mutation and no evidence of BRAF mutation and low levels of CpG island methylation. This molecular profile is more likely to be associated with TVA than TSA. 17 Ultimately, the majority of participants (59.9%) had chosen the most likely correct diagnosis of TVA in this case. Ancillary markers that would help in diagnostically challenging cases of SSA need to be cost-effective and easy to perform in daily practice, but are not available at this point (MIB-1 and MCM-2 immunohistochemical analysis does not aid in identification of serrated colorectal polyps with abnormal proliferation 21 ).
Histologic assessment remains the current diagnostic "gold standard" in SSA, and pathologist education is an excellent tool for providing clinicians with the best possible diagnoses when encountering serrated colorectal polyps. Three findings of our study support this view: (1) Participants who read the reference article 8 on serrated polyps performed significantly better than those who did not. (2) SSAs were correctly diagnosed significantly more often by participants with GI subspecialty training. (3) The type of practice setting (academic center vs private practice) had no impact on the mean score of participants. Our findings attest to the large number of pathologists in private practice who remain diagnostically up-to-date without the support network of a large academic center. There were no significant differences in the diagnostic performance of various participant groups in recognizing the well-defined entities of HP, TVA, and TSA.
Consensus for the nomenclature of serrated polyps in general, and SSA in particular, has not been reached, consistent with our survey on the use of terms among the 244 pathologists who initially registered. GI pathologists use the terms TSA and SSA significantly more often than do pathologists without GI subspecialty training. It is interesting that 9.4% of pathologists without subspecialty training admitted to never using the term serrated adenoma. Many participants use the term mixed adenomatous/HP, independent of subspecialty training, but terms designating mixtures of various subgroups of serrated polyps are mostly used by GI pathologists. Alternative names used by some for SSAs include SPAP and sessile serrated polyp. We advocate use of the terms TSA and SSA because they (1) reflect their genetic uniqueness and relatedness best, (2) are currently used by the majority of GI pathologists, and (3) contain the word adenoma as a flag to clinicians. We also advocate not using the term serrated adenoma without the preceding qualifiers of traditional or sessile. This approach will greatly aid in using unified terminology for serrated colorectal polyps.
The current lack of consensus on terminology is unfortunate because it adds to the uncertainty of clinical management, especially if a patient moves to a different health system in which the pathologists prefer an alternative name for SSAs. A B C ❚Image 3❚ (Case 11) The supplied images showed histologic features of sessile serrated adenoma (SSA) that were less prominent compared with the other 3 SSAs of this survey, leading to a misdiagnosis as hyperplastic polyp by 44.6% of participants. A disorganized serrated architecture is evident in some but not all areas of the polyp. There is only focal crypt dilatation, crypt branching, and early herniation of epithelium into the submucosa. Some crypts show serration that starts at or near the base of the crypt. The surface epithelium is mostly bland with some tufting. This lesion shows significant morphologic overlap with hyperplastic polyp, which is reflected by participants' answers (A, H&E, ×20; B, H&E, ×100; C, H&E, ×400).
